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ABSTRACT
This report is the User's Manual for the current CONIC
computer program, written for GDB under Task 427. This document
revises and supersedes TRW Note 70-FMT-835, CONIC Program User's
Manual, May 27, 1970. The program has been written in FORTRAN
for use on the TRW Time Share system. The CONIC program is
used to calculate the relative motion of two bodies in any conic-
section orbit (circular, elliptical, parabolic, or hyperbolic).
This manual describes the basic equations used for trajectory
propagation and defines the input and output parameters of the
program. Also included are sample runs with corresponding figures
and a detailed flow chart of the program.
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1.0 INTRODUCTION
The CONIC Program is designed for the calculation of the relative
trajectories of two vehicles in orbit, where the orbits may be circular,
elliptical, parabolic, or hyperbolic. The inertial trajectories of the
two vehicles are calculated independently as conic sections, with no
limitation on the type of orbit.
The only inputs: required by the program are (1) specification of the
gravitational constant of the attracting body, (2) the initial positions
and velocities of the primary and secondary vehicles, and (3) a list of
the maneuvers to be performed by the secondary body. The maneuvers are
specified by phase, where each phase consists of an impulsive maneuver of
specific delta velocity and direction, followed by a nonpropulsive coast
of specified duration. A maximum of ten such maneuver phases may be
defined for a single run.
The output of the program is the relative position and velocity of
the secondary vehicle relative to the primary vehicle, printed at equal
intervals during the coasting flight. The number of intervals per phase
is controlled by program input.
The program is ideally suited to the calculation of relative motion
in a highly elliptical orbit such as a semi-synchronous earth orbit, or
in a hyperbolic orbit such as a lunar flyby or an approach to earth entry.
It is also very accurate in computing the relative motion for complex man-
euvers in circular orbit, such as a rendezvous-rescue sequence. It is
limited to impulsive maneuvers, and should not be used for long-term low-
level thrusts such as continuous venting or atmospheric drag.
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2.0 BASIC EQUATIONS
The basic equation by which the trajectories of the bodies are
calculated is the Kepler equation for nonpropulsive motion in a conic section
(ellipse, parabola, or hyperbola), expressed in terms of universal variables.
Use of this equation allows direct solution of the problem of predicting the
position and velocity of a body after a given time interval "t", given its
initial position and velocity. Kepler's equation may be written as:
- -
t = ro o 2 C(a x2) + (1 - ra )x3 S(a x 2) + rx (1)
where the functions S( ) and C( ) are defined as:
S-sin ....... > 0
S() = 1 ( 3 (2)3! 5! 7!
sinh - -4J ... < 0
1 - cos ......... >
1 + (3)2
C( ) = +  ! - = 
3)
cosh - -L....... < 0
and a is defined by the equation:
2
a 2 _o (4)
o r 0
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and
4 is the gravitational constant
t is the time interval of propagation
r is the initial position vector of the body
v is the initial velocity vector of the body
r is the magnitude of ro
v is the magnitude of vo
x is the normalized anomaly
An examination of Kepler's equation shows that it is an explicit expression
for the known time of propagation "t" in terms of the unknown variable "x".
To evaluate x for a given value of t requires an inversion of the function
t = t(x) given by Equation 1. This is done in a straightforward manner by
employing Newton's method, as follows: given an estimate xn = x n(tn) of the
required value of x = x(t), an improved estimate x n+ is obtained from:
- tn -x (5)
Snx = xn
where the derivative is given by:
dt r o Ix - a x3S(x2)] + ( - r )x 2C(a x2 + r (6)
The process is repeated until a sufficiently accurate value of x is obtained.
Once x has been determined, the position and velocity vectors of the body at
time t are given by:
2 2 + x3 x2
r(t) = 1 - C(ax) + t - S(a x) v (7)
r o  o o o
3 2 x] 2 2
v(t) 4= L 3 S x-x r + 1 - -Gcxx2) v (8)rr
o
where r is the magnitude of r(t).
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The foregoing method for propagating the state vector of a body is
applied independently to the primary and secondary bodies to obtain their
inertial state vectors at the required times. The relative motion parameters
are then obtained by subtracting the state vector of the primary body from
that of the secondary body, and expressing the resultant relative vector in
a local-vertical-local horizontal system based on the primary vehicle. The
process is repeated for each printout in a given coast phase. At the
beginning of a new phase, the delta velocity vector of the impulsive maneuver
is converted to inertial coordinates and added to the inertial velocity
of the secondary vehicle. The resulting state vectors of the primary and
secondary bodies are then propagated for the duration of the phase.
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3.0 INPUT PARAMETERS
A total of seven input options have been included in CONIC to allow
for maximum flexibility in providing input to the program. These options
are as follows:
Input option 1 (INOPT1) allows a choice of coordinate systems. If
INOPT1 is set equal to 1, the relative position and velocity of the
secondary body is expressed in a local-vertical-local-horizontal Cartesian
coordinate system centered on the primary body. If INOPT1 is set equal
to 2, the relative position and velocity of the primary and secondary
bodies are converted to state vectors in an inertial coordinate system.
The second input option (INOPT) allows a choice of methods for specify-
ing the pitch direction of maneuvers executed by the secondary body. If
INOPT is set equal to 1, the pitch maneuvers are measured upward from the
direction of the posigrade local horizontal. This method of specifying
the pitch of a maneuver is used both for elliptical orbits and for hyperbolic
orbits. If INOPT is set equal to 2, the pitch maneuvers are measured upward
from the direction of the inertial velocity vector of the secondary body.
This method of specifying the pitch of a maneuver is most useful for hyperbolic
orbits such as lunar flyby or earth entry orbits.
Input option 2 (INOPT2) allows a choice of output units. If INOPT2
is set equal to 1, the relative position of the secondary body will be
typed out in nautical miles. If INOPT2 is set equal to 2, it will be typed
out in feet.
Input option 3 (INOPT3) is used to define the gravitational constant
(EMU) and radius (RO) of the central gravitational body. If INOPT3 is
set at 1, an earth orbit is assumed, and if INOPT3 is set at 2, a lunar
orbit is assumed. Direct input of EMU and RO is not required, because
the necessary values are included in the program.
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Input option 4 (INOPT4) is used to choose the method for initializing
the position and velocity of the primary (or reference) body. Setting
INOPT4 equal to 1 allows for direct input of the inertial position (XOP)
and velocity (VOP) vectors of the primary body in feet and feet per second.
If INOPT4 is set equal to 2, the primary body is assumed to be in a circular
orbit, and the only required input parameter is the altitude of the circular
orbit (H) in nautical miles. The state vector for the primary body is then
calculated automatically according to the formulas:
XOP(1) = 0.0 VOP(1) = SQRT(EMU/XOP(2))
XOP(2) = RO + H * 6076.1155 VOP(2) = 0.0
XOP(3) = 0.0 VOP(3) = 0.0
Regardless of how the initial state vector for the primary body is input,
it is used to calculate the type of orbit in which the primary body will
move. If the orbit is hyperbolic or parabolic, a message is typed to
identify the orbit type. If the orbit is elliptical, the period is
computed and typed. The orbital period is needed when the coast times
between maneuvers are known only in orbit fractions.
Input option 5 (INOPT5) allows a choice of methods for initializing
the position (XOS) and velocity (VOS) of the secondary body. If INOPT5
is set equal to 1, the initial position and velocity of the secondary body
are set equal to that of the primary body. If INOPT5 is set equal to 2,
the initial position and velocity of the secondary body may be specified
relative to the primary body in a local-vertical-local-horizontal coordi-
nate system based on the primary body. This coordinate system is defined
with the "+X" axis in the local horizontal posigrade direction, the "+Y"
axis in the local vertical upward direction, and the "Z" axis completing
a right-handed system. If INOPT5 is set equal to 3, the inertial state
vector of the secondary body may be input directly. This option is
available only if the primary body was also initialized by direct speci-
fication of the inertial state vector (INOPT4 = 1).
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Input option 6 (INOPT6) is encountered at the end of each case, and
provides a choice of three ways to begin the next case. When the program
is executed from statement 1, the first required input is INOPT3, which
allows the gravitational body to be specified as either the earth or the
moon. The next required inputs are the initial state vectors of the two
bodies. The last required inputs are the maneuvers to be executed by the
secondary body. If INOPT6 is set equal to 1, execution of the next case
begins with the input of new initial state vectors and continues with the
input of a new table of maneuvers. If INOPT6 is set equal to 2, execution
of the next case begins with the input of a new table of maneuvers, leaving
the initial state vectors unchanged. If INOPT6 is set equal to 3, the
program branches to STOP. This option would be used when no more cases
are to be executed, or when the next case must begin execution at statement
1 in order to change the value of INOPT3, which specifies the gravitational
body.
In addition to the inputs provided for by the various input options,
the maneuvers to be executed by the primary or secondary body must also be
supplied. Six parameters must be input for each phase, where each phase
consists of an impulsive maneuver followed by coasting flight. The impulsive
maneuver is executed either by the primary or secondary body (B). The
impulsive maneuver is defined by the pitch (P) and yaw (Y) directions of the
maneuver and its magnitude (DV). The pitch (P) is input in degrees, measured
upward from either the local horizontal posigrade or the inertial velocity
vector, depending on whether INOPT was set equal to 1 or 2, respectively.
The yaw (Y) is also input in degrees, measured positively to the right of
the orbital plane (facing in the direction of the inertial velocity). The
magnitude of the impulsive maneuver (DV) is input in feet per second. The
coasting flight following the impulsive maneuver is specified by the total
coast time (CT), input in seconds, and the number of points (NP) to be
plotted per phase. The total input for each phase consists of the primary
or secondary body (B), pitch (P), yaw (Y), and delta velocity (DV) of the
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impulsive maneuver, and the coast time (CT) and number of points to be
plotted (NP) for the subsequent coasting flight. The inputs for pitch
(P), yaw (Y), delta velocity (DV), coast time (CT), and number of points
(NP) must be in decimal form. Any number of phases may be specified
(NPHASE), up to a maximum of ten phases. The input for the specific
number of maneuver phases must be in 13 (INTEGER) format, i.e., one
maneuver phase is inputted as 001.
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4.0 OUTPUT PARAMETERS
The output parameters for CONIC consist of the relative position and
velocity of the secondary body'expressed in a local-vertical-local-horizontal
Cartesian coordinate system centered on the primary body. The definitions
of the output parameters are as follows:
T......... Time duration measured from the beginning of the first
phase (seconds)
RPDR...... Relative position downrange of the secondary body, positive
in the direction of the inertial velocity of the primary
body (nautical miles or feet)
RPRA...... Relative position radial of the secondary body, positive
upward (nautical miles or feet)
RPCR...... Relative position crossrange of the secondary body, positive
to the right of the orbital plane when facing in the direction
of the inertial velocity (nautical miles or feet)
RVDR...... Relative velocity downrange of the secondary body (feet per
second)
RVRA...... Relative velocity radially up of the secondary body (feet per
second)
RVCR...... Relative velocity crossrange of the secondary body (feet per
second)
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5.0 SAMPLE COMPUTER RUNS
The following listings and figures show the input and output of several
computer runs. The output data is plotted on Figures 1 and 2 for the
corresponding inputs. The input parameters required by the program and
supplied by the user are underlined; all of the remaining print-out is
typed automatically by the program. The input options for Figure 1 are
the same as those for Figure 2. The first four input options are set equal
to 1. This sets the options so that a local-vertical-local-horizontal
coordinate system is assumed, pitch maneuvers are measured upward from the
local horizontal posigrade, the relative position is output in nautical
miles, and so that an earth orbit is assumed. The primary body is
initialized by specification of its circular orbit altitude. The secondary
body is initialized with its relative position and velocity equal to that
of the primary body.
Immediately after initialization of the primary body, its type of orbit
is calculated, and the orbit type is identified if it is hyperbolic or
parabolic. The orbital period is also calculated and printed out. The
period is needed because coast times between maneuvers must be input in
seconds. This allows the specification of coast times equal to a period or
even to a fraction of a period. All of these sample runs are executed for
one maneuver phase.
The maneuver table allows a detailed specification of the maneuvers to
be performed either by the primary or secondary body. The maneuvers are
specified by phases, where each phase consists of an impulsive maneuver,
followed by a coasting flight during which the relative position and velocity
of the specific body are printed out. The maneuvers in both Figures 1 and 2
were performed on a coasting flight of 10,000.0 seconds with printout at
10 equal intervals during the coast.
The output blocks show the result of the input parameters. The first
line of output shows the relative position and yelocity of the secondary
vehicle before the first maneuver. Since the secondary vehicle was ini-
tialized with its position and velocity equal to that of the primary vehicle,
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its relative position and velocity are zero. The second line of output
(the first line under Phase Number 1) shows the relative position and
velocity of the secondary vehicle immediately after the phase 1 maneuver.
The remaining lines of output under phase 1 give the relative position and
velocity of the secondary body for ten equal increments during a one-orbit
coast. The listings of maneuvers I, la, and IIIa in Figure 1 were ran-
domly selected as sample print-outs.
Three sample posigrade separation maneuvers at two different delta
velocities are plotted in Figure 1. All three maneuvers were executed in-
plane (0 degree yaw) and at 3.3 feet per second and 7.0 feet per second,
respectively. In maneuvers I and Ia, a 0 degree pitch is specified. A
pitch of 45 degrees upward is specified in maneuvers II and IIa. A pitch
of 90 degrees (radially upward) is specified in maneuvers III and IIIa. The
relative motions of the last two maneuvers return to the original position
at the end of one orbit resulting in football maneuvers. Figure 1 shows
only the side views of the relative motion of the several maneuvers.
Two sample posigrade separation maneuvers at different delta velocities
are plotted in Figure 2. Both maneuvers were executed with 30 degrees pitch
upward and 30 degrees yaw out of plane. Maneuver I was performed at 3.3
feet per second and Maneuver II at 7.0 feet per second. Figure 2 shows both
the side and top views of the relative motion of the two maneuvers.
5-2
Note that the relative position is still zero, but the relative velocity
is now upward and out of plane, as specified by the input. The remaining
lines of output under phase 1 give the relative position and velocity of
the secondary body for ten equal increments during a one-orbit coast. The
in-plane motion is a football maneuver, returning to the original position
at the end of one orbit.
In the second run, all of the input options were set equal 2, so that
a lunar orbit is assumed, the primary body is initialized by specification
of its circular orbit altitude, the secondary body is initialized by specifying
its position and velocity relative to the primary body, the pitch of maneuvers
is measured upward from the inertial velocity vector of the secondary body,
and so that relative position is output in feet. The maneuver specified is
10 feet per second radially up (football maneuver), with output at ten points
equally spaced over one orbit.
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FIGURE 1 - MANEUVER IIa
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6.0 DETAILED PROGRAM FLOW CHART
PROGRAM CONIC( INPUT.OUTPUT,TARPE5=INPUT.TAPE6=OUTUT ) UT
DIMENSION XOP(3).VOP(3).XOS(3),VOS(3)
DIMENSION EXP(3).VEP(3).EXS(3).VES(3)
DIMENSION XOSR(3).VOSR(3).XSR(3).VSR(3)
DIMENSION B(10).P(10O)Y(1O).DV(10).CT(IO).NP(10)
DIMENSION XP(3).VP(3).XS(3).VS(3)
DIMENSION A(3.3).C(3)
CONST=3.1415926535/180.0
WRITE(6.1 )
1 v
FORMAT([NOPT1(t:LVLH COORD. 2:INERTIRL COORD)m)
READ(5.2)INOPT 1
2 v
FORMAT(IllI
INOPTl
IF(INOPT1-150.50.3
3
WRITE(6.4)
4 v
FORMAT(mPITCH.YRW.<ROLL OF INERTIAL COORD FROM INITIAL m.
mLVLH. DECGM)
READ(5,20)PITCH,YAW.ROLL
O 0 5
CONT. ON PG 2
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WRITE(6.51)
51
FORM A T(olNOPT(1:PITCH MEASURED UP FROM LOCAL HORIZONTAL
.s POSIGRADE)w)
WRITE(6.52)
52
FORMAT(* (2:PITCH MERSURED UP FROM INERTIAL VELOCITY*.
SVECTOR)*)
REAO(5.2) [NOPT
R2
WRITE(6.6)
6
IFORMAT(mINOPT2(1;OUTPUT IN N. MILES.2:OUTPUT IN FEET) )
REA0(5.2) INOPT2
WRITE(6.7)
FORMAT(INOPT3(1:EARTH ORBIT,2:LUNAR ORBIT)m)
RERAO(5.2)INOPT3
IF(INOPT3-1)8.8.9
0
8
EMU=1.40765Et6
RO=20925738.19
CONT. ON PG 3
6-2
GO TO 10
R3
EMU=.173139471967E15
RO=5702395 .0
R4
10 v
WRITE(6.11) I
FORMAT(olNOPT4(INITIALIZATION OPTION FOR PRIMARY BODY)w)
WRITE(6,12)
12 v
FORMAT(,l:INPUT STATE VECTOR.2:INPUT ALTITUDE OF CIRCULARm
.m ORBITS)
REAO(5,13) INOPT4
13
FORMAT( I)
IF(INOPT4-1)14.14.18
14 V
WR I T E ( 6,1 5 ) I
15
FORMAT(aXOP(INERTIAL POSTITION VECTOR OF PRIMARY BODY. FEET)*)
CONT. ON PG 4
6-3
READ(5.16)XOF( 13 XOP(2) ,XOP(3)
LFEZRMRT ( F 16 .4)
[WRITE(6.*17)
RERO(.5,16)VOP( 13.VOP(2).VOP(3)]
fGO TO 21
WRITE( 6,~19)
19
FO~rRTt5I(CIRCULRR ORIBT RLTITUOE OF PREMRRY BODYNt.3'
REPO( 5,20)ti
20 v
FORMR T( F116 .9)
XOFPM1=0.0
XO'( 2 3=IROI-16O76 .1155
XOP( 33=0.0
VOP( I =SQRT(EMU/XOP(2))
VOP( 23=0.0
VO'( 33=0.0
21 v
RRE = SQRT(XOP(1)EM2+XOP(2353,2*XOP(33Em23
VEE = SQRT(VOfP(l)M52+VOP(235M2+VOP(3)mx23
ENE = 0.5sVEEms2 - EM1U/RRE
CONT. ON P'G 5
6-4
IF(IFIX(ENE)) 26.24.22
0
22 V
WRI TE(6. 2 3 )
23 v
FORMAT(*PRIMARY BODY IS IN HYPERBOLIC ORBITI)
Go TO 28
24
WR I TE ( 6,25)
25 v
FORMAT(wPRIMARY BODY IS IN PARABOLIC ORBITs)
Go TO 28
26
I = -EMU/(2.0,ENE)
PERIOD = 2.0m3.1415926535,SQRT(AR*3/EMU)
WRITE(6,27) PERIOD
27 V
FORMAT(,PERIOD OF PRIMARY BODY =M.F9.2.s SECONDSM)
CONT. ON PG 6
6-5
R6
28
IF( INOPT 1-1)3131.29
0
29
SP=SIN(CONSTsPITCH)
CP=COS(CONST*PITCH)
SY=SIN(CONSTmYAW)
CY=COS(CONSToYAW)
SR=SIN(CONSTMROLL)
CR=COS(CONST*ROLL)
ARI=CP*CY
A12=-SPFCR-CPMSYUSR
At3=SPoSR-CP*SY*CR
A21=SPmCY
R22=CPmCR-SPwSYwSR
A23=-CPmSR-SPwSYxCR
A31=SY
A32=CYxSR
A33=CY*CR
--- -00 30 1=1.3
B( 1 =0.0
B(2)=0.0
B(3)=0.0
B( [)=1.0
CALL LVLti(XOP,VOP.B,C)
AR(1.1)=C(1)R1+,C(2)mA2l+C(3)mR31
A(1.2)=C( 1 )mR2'(n ( 2)m 22+C( 3 )mA32
---------- ------------- --- 30 v
RA(.3)=C(lI)RA3+C(2)xA23+C(3)A33
31 v
WRITE(6.32)
CONT. ON PG 7
6-6
IF (INOPT4-1)33,33.35
0
33
WRITE(6.34) I
34
FORMAT(sl:SAME AS PRIMARY,2:INPUT RELATIVE VECTOR.s
,.3:INPUT STATE VECTOR*)
READ(5.13)INOPT5
IF (INOPT5-2)37.42.38
0
35
WRITE(6.36)
36-7
FORMAT(il:SAME AS PRIMARY.2:INPUT RELATIVE VECTORm)
READ(5,13) NOPT5
IF (INOPT5-1)37.37.42 8
37
XOS(1)=XOP(1)
CONT. ON PG 8
6-7
XOS(2)=XOP(2)
XOS(3)=XOP(3)
VOS( 1)=VOP( 1)
VOS(2)=VOP(2)
VOS(3)=VOP(3)
GO TO 53
38
WRITE(6.39)
39 v
FORMRT(wXOS(INERTIAL POSITION VECTOR OF SECONDARY BODY,FEET),)
RERA (5.40)XOS(1).XOS(2).XOS(3)
40 v
FORMRT(F16.4)
WR I TE(6.41 )
FORMAT(*VOS(INERTIAL VELOCITY VECTOR OF SECONDARY BODY.FPS))
READ(5,40)VOS(1),VOS(2).VOS(3)
GO TO 53
FP8
42
WRITE(6.43)
FORMAT(mXOSR(RELATIVE POSITION VECTOR OF SECONDARY BODY*.
,m.FEET)x)
READ(5,40)XOSR(1), XOSR(2).XOSR(3)
WRITE(6.44)
CONT. ON PG 9
6-8
,.FPS)w)
RERA(5.40)V1),(I).VOSR(2).VOSR(3)
IF(INOPTI-1)45.45.46
0
45 V
CALL LVLH(XOP.VOP.XOP.XSR)
CARLL LVLH(XOP.VOVOVOP.VSR)
OMEG A=VSR( 1/XSR(2)
VOSR(1)=VOSR(1)+OMEGRAXOSR(2)
VOSR(2)=VOSR(2)-OMEGAsXOSR(M)
CALL ECI(XOP,VOP.XOSR.XSR)
CALL ECI(XOP,VOPVOSRVSR)
G0 TO 48
6
- -- - - -- - - - - - - - - 00 47 I=13
XSR(II=R(I. )mXOSR()+R(I.2)MXOSR(2)+R(I.3) XOSR(3)
- - - - - - - - - - - 47 v
VSR(I)=R(I.1)MVOSR(1)+A (1 .2)mVOSR(2)+R(I.3)mVOSR(3)
48
XOS( )=XOP( )+XSR(1)
CONT. ON PG 10
6-9
VOS(3)=VOP(3)+VR(3)
R 9 19
53
IWRITE(6,54)
54
FORMAT(;NPHASE(NUMBER OF MANEUVER PHASES, MAX OF t10l,
w(FORMAT 13)*)
READ-(5.60)NPHASE
WRITE(6,55)
FORMAT(*MANEUVER TABLEwI
WRITE(6,56)
5 v
FORMAT(SBODY(I OR 2).PITCHNDEG),YAW(DEG).DELTA V(FPS).COASTm,
w(SEC).NO.OF POINTS)w)
DO 59 I=L.NPHASE >- - > t
WRITE(6.57)1
57 v
FORMAT( s .P.Y.DV.CT.NP FOR PHASEm.12)
RE DO(5.58)8(1).P(I).Y(I),DV(I).CT(1),ENP
58 v
FORMAT(F16.9)
CONT. ON PG 11
6-10
10- 
-
- I 5 9
NP( I )=ENP
60 V
FORMAT(13)
IF(INOPTI-I)100.100.70
0
00
WRITE(6.7l1)
FORMAT(a T X Y Zw,
XDOT YOOT ZDOT*)
IGO TO 72
WRITE(6.101)
101
FORMRT(m T RPDR RPRA RPCRw
,m RVDR RVRR RVCRm)
72
IF( INOPT2-1)99.99.97 2
0
99 I
OUT=1.O0/6076.1155
CONT. ON PG 12
6-11
WRITE(6.98)
98
FORMAT(m (SEC) (NM) (NM) (NM)s,
A (FPS) (FPS) (FPS)m)
GO TO 95
97
OUT=1.0
WRITE(6.96)
FORMAT(* (SEC) (FT) (FT) (FT)m.
(FPS) (FFS) (FPS)m)
95
T=O.0O
XP( [ =XOP(1)
XP(2)=XOP(2)
XP(3)=XOP(3)
VP( 1)=VOP(1)
VP(2)=VOP(2)
VP(3)=VOP(3)
XS( I )=XOS( 1)
XS(2)=XOS(2)
XS(3)=XOS(3)
VS( 1 )=VOS( )
VS(2 )=VOS(2)
VS(3 )=VOS(3)
XSR( )=XS( )-XP( )
XSR( 2 )=XS(2 )-XP(2)
XSR( 3 )=XS( 3 )-XP(3)
VSR(1)=VS(1)-VP( )
VSR(2)=VS(2)-VP(2)
VSR(3)=VS(3 -VP(3)
CONT. ON PG 13
6-12
IF( ENOPTI-l )94.94.93
0
93
- - - -- - - - - - - -
00 92 1=1.3
XOSR( 13:0.0
VOSR( 13:0.0
VXOSR([I 3:VSR( [)*R(J. I 3MSIR(J)
[GO- TO 91 B2
94
CALL LVLIi(XP.VP.XF.XOSR)
CALL LVLtl(XP.V?.VF.VOSR3l
O!EGR=VOSR(1I /XOSR(3
CALL LVLH(XF.VP.XSR.XOSR)
CALL LVLH(XI'1VF.VSR.VOSR)
VOSR( 1)=VOSR(lI -OMEGAwXOSR( 23
VOSR(2)=VOSR(21-OMEGomXOSR( I)
RIIO=XOSR(2 3+RO
TI-ETR=ATAN2( XOSR(1I) PRHO 3
RHO=SQRT(RH~mE2+XOSR(lI 3M23
XOSR( 1 )RO*THETR
XDSR(2 )=RHO-RO
RIOVOSR(I3mCOS(THETR)-VOSR(2)5SIN(THIETA3-J
CONT. ON PG 14
6-13
WRITE VOS(2)=OSR( 1) .SR(THETXSR~) VOSR() OS( 3 ET S()
91 v
IFORMRT( F7 .0.3Fl0.1 .F1l .3 .2F10.3)
<00 12 1 1 1 ,NPHRSE - - - C> 19
TPH-RSE=0 .0
EXPE=O0 
EXES=0-.0
WRITEf 6.10331
103 V
IFORrIRT( 5f'I-iSE NUM1BERM13
IF (ENOPT-1)108,108,104
50
104
IF(B( 1]-1.0.3105,105.106 3
0
FCALL LVLHi(XP.VP.VP.VOSR)
CONT. ON PG i5
6-14
CO TO 107
B3
106
CALL LVLH(XS.VS.VS.VOSR)
107
P(I)=P(I)+ATAN2(VOSR(2).VOSR(1))/CONST
SB4
108
P ( I ) = P (I)+FLOAT( IN OPT l-1 )mT360 .0/PERIOO
VOSR( 1)=DV( I )COS(CONSTUY(1))*COS(CONSTEP( l)
VOSR(2)=DV( )COS(CONSTY( ))ESIN(CONSTP(I))
VOSR(3)=DV(I )SIN(CONSTwY(I))
IF(B(l)-1.0) 109,109.110
0
109
CALL ECI(XP.VP.VOSR.VSR)
VP(1)=VP(1)+VSR(1)
VP(2)=VP(2)+VSR(2)
VP( 3 )=VP(3)+VSR(3)
O O ll
CALL ECI(XS.VS.VOSR.VSR)
VS(1)=VS( I)+VSR(l)
VS(2)=VS(2)+VSR( 2)
VS(3)=VS(3)+VSR(3)
CONT. ON PC 16
6-15
B5
IVSR(1I)=VS( I.)-VP( I
VSR( 2 )VS( 2)-VP( 2)]VSR( 3)=VS( 3)-VP( 3)
IF(INOPT1-1)114.114.112
0
12
FVOSR(j)=VOS!R(J)+R(K.J)sVSR(K)
114
CRLL LVLH(XP VP.XP'.VOSR)
FOrIER=VOSR(1I)/OMEO
CRLL LVLH(XP.VP.VSR.VOSR)
VOSR(2)=VOSR(2)+OMEGR5XOSR(1)/OUT
RHO=X3R( 2 +RO
TH-ET=RTRN2(XOSR( 1) 1.fHO)
RHO=SQRT(fRHOsw2.XOSR( I )*'2)
XOSR( 1 )RO*TI1ETA
XOSR( 2 3RHO-RO
RHO=VOSR(1)5COS(THETR)-VOSR(2)'SIN(THETR)
CONT. ON PG 17
6-16
IWRIE( CRLL PXORPIEM.XSR(2)EXSR(3).VSREX.VSRXS03
XSR I zX(I1)-XP()
KS( =ES()-EP
EXSR3=XS(-E3
VSR(1I)=ES(lI)-EP( 1)
VSR(2 )=VES( 2)-VEP(2)
VSR( 3)=VES( 3)-VEP( 3)I
IF( INOPT1-1 )118.*118,*116
18 0
B7q
16
00 117 L=1.3 - - - ~ 8
XOSR( L)=0 .0
VOSR(L)=0 .0
00 17 M~.3 -- - 18
XOSR(L)=XO3SR(L)+R(M.L)wXSR(M)I
CONT. ON PG 18
6-17
17 17 - - - C> 17
VOSR(L)=VOSIR(L)iA(M.L)0VSR(M)
118To11
CALL LVLI(EX .VEP.VEF.VOSR)
OMEGA=VOSR( I)/XOSR( 2)
CALL LVLt(EXF.VEPXSR .XOSR)
ICALL LVLtl(EXP',VEP3 .VSIR.VOSR)
VOSR( 1 )VOSR(I1 -OMEGA5XOSR(2)
VOSR(2)=VOSR(2)+O1EGAwXOSR( 1)
RHO=XOSR(2 )+RO
TH-ETR=TRN2(XOSR(1) .RHO)
RHO=SQRT(RHOmw2+XOSR(l1)ww2)
XOSR( 1)=IROmTtETA
XOSR( 2 )=RtO-RO
RtIO=VOSR(l)wCOS(TIETR)-VOSR(2)'SIN(THIETP)_
VOSR(2)=VOSR(l1)mS1N(Tt1ETRfl+VOSlR(2).COS(Tt1ETA)
VOSR(1)=RHO
XOSR( 1 )XOSR(l1)wOUT
XOSR( 2 )XOSR( 2 )OUT
XOSR( 3)=XOSR( 3 )mOUT
C1N7 ON -G 19>2
6-1
XS( 2 )=EXS(2)
XS(3)=EXS(3)
VP(1)=VEP(1)
VP(2)=VEP(2)
VP[3)=VEP(3)
VS( 1)=VES( 1)
VS([2)=VES(2)
14 21
VS ( 3 )=VES ( 3 )
WRITE(6.200)
200
FORMAT(INOPT6(1:NEW VECTORS AND NEW MANEUVERS.2:NEWs
, MANEUVERS ONLY.3:STOP)*)
READ(5.201)INOPT6
201
FORMAT(1)
3 IF (INOPT6-2)0.53.202
00
9
202
STOP
6-END19 I
6-19
SUBROUTINE PROP(EMU.RO.VO.XO.T.R ' VX)
01MENSION RO(3).VO(3).R(3).V(3)
SRMU=SQRT(EMU)
ROMRG=SQRT(RO(l)mm2+RO(2)mm2+RO(3)w*2)
VOMAG=SQRT(VO(l)mm2+VO(2)*w2+VO(3)*x2)
ALFRO=(2.0/ROMRG)-(VOMAGm*2)/EMU
FCONS=(RO(l)wVO(1)+RO(2)wVO(2)+RO(3)mVO(3))/SRMU
,X=XO
.. [EN 
= 0
i0ol. 1
JAX2=RLFROviXmw2
OTOX=FCONSm(X-ALFRO*(Xwm3)wESS(RX2))+ROMAG
DTDX=DTOX+(I.O-ROMRG*RLFAO)u(X**2)sSER(AX2)
TEE=FCONS*(Xum2)xSER(AX2)+ROMRGxX
TEE=TEE+(I.O-ROMRGPALFRO)*(Xwx3)mESS(RX2)
DX=(SRMUxT-TEE)/DTDX
X=X+DX
N=N+l
1F(N-1000) 1004.1002.1002
0
1002
IWRITE(6.1003) 1
1003 V
FF0RMRT(wNO CONVERGENCEm)j
-RETURN
1004
IF(OX-X/10000000.)1005,1005.1001
0
CONT. ON PG 2
6-20
I RX2=ALFROxXu'2
p=1.0-C Xmw2)wSER(AX2)/ROMPG
B=T-( Xwu3 )wESS( RX2 )/SRMU
R( I.)=PaRO( 1)4BmVO( 1)
R( 2)=Au'RO( 2 tBmVOC 2)
R( 3 ):PuRO( 3)+BsVC( 3)
RHO=SQRT(R( 1),u2+R(2)uw2+R(3)mv2)
R=SR1Um(RLFPOud Xuu3 )sESS( PX2 )-Xi/C RH-OROMPG)
Bzl.0-(Xm2)wSER(RX2)/RlO
V( 1) =R RO( 1I +B VO( 1)V( 2 )=RRO( 2)+BwV0( 21
V( 3 )=RRO( 3)+BwVO( 3)]
rRETURN
FUNCTION SINH1(X
E=2 .718281828459045
FRETURN
FUNCTION COSH(X
E=2 .718281828459045
COSH=0.5m(E~mX+E~w(-X))
FRETURN
6-21
FUNCTION ESS(X)
IF(X) 2001.2002.2003
0
2001
SRX=SQRT(-X ) I
ESS=(SINH(SRX)-SRX)/(SRXwu3)
RETURN
2002
ESS= 1.0/6.0-X/120.0
RETURN
2003
SRX=SQRT(X)
ESS=(SRX-SIN(SRX))/(SRXE3)I
RETURN
6-END22
6-22
FUNCTION SEA(X)
IF(X) 3001.3002,3003
0
300
SEA =(1.0-COS H (S Q RT(-X)))/X
RETURN
3002
SEA= .5-X/24 .0
RETURN
3003
SEA=(1.0-COS(SQRT(X)))/X
RETURN
6-23
SUBROUTINE LVLH(X.V.AB')
DIMENSION X(3).V(3).P(3).B(3)
RKI=X(3)mV(2)-X(2)wV(3)
AK2=X(l)wV(3)-X(3)mV(l)
AK3=X(2)xV(I)-X(l)mV(2)
AKM=SGRT(PKlww2+RK2mm2+PK3ws2)
RK1=RKI/PKM
IRK2=RK2/RKM
RK3=PK3/RKM
R=SQRT(X(l)ws2+X(2)mw2+X(3)ws2)
RJI=X(1)/R
AJ2=X(2)/R
AJ3=X(3)/R
AIi=AJ2*RK3-RJ3wRK2
A12=AJ3wAKl-PJlwRK3
IR13=RJI*AK2-RJ2xRKl
B(1)=R(I)*Pll+R(2)vRI2+P(3)xRI3
B(2)=R(I)*RJ1+A(2)*AJ2+A(3)*RJ3
B(3)=P(1)wRK1+A(2)mAK2+A(3)mAK3
16
RETURN
EN 0 -1
SUBROUTINE EC1(X.V.S.B)
DIMENSION X(3).V(3).R(3).B(3)
RK1=V(2)wX(3)-V(3)wX(2)
RK2=V(3)mX(l)-V(I)wX(3)
RK3=V(l)mX(2)-V(2)mX(l)
RKM=SGRT(RKlwm2+RK2ww2+RK3mw2)
RK1=RK1/RKM
IRK2=RK2/RKM
RK3=RK3/RKM
R=SQRT(X(l)mw2+X(2)wm2+X(3)wx2)
RJ1=X(1)/R
RJ2=X(2)/R
RJ3=X(3)/R
Rll=RJ2*RK3-RJ3mRK2
R12=RJ3wRKl-RJlwPK3
R13=AJ1*RK2-AJ2xAKi
B(1)=R(l)mRll+R(2)*RJJ+A(3)mRKJ
B(2)=R(l)vRI2+R(2)xRJ2+R(3)*RK2
B(3)=P(1)*RI3+A(2)mPJ3+R(3)*RK3
RETURN
FEN 0 -1
6-24
